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Plasmodium civax VK247 and VK210 Circumsporozoite Proteins
in Anopheles Mosquitoes from Andoas, Peru

JAMES T. NEED,' ROBERT A. NVIIIT,22EILEEN D). FRANKE. ROET ER1NANI)fEL.
FAUSTIN() CARBAJAL. ROBERTO FALCON, %\I ERV IN SAN R()\I.AN

Un a ted State.'s Naval Medi lcal fiteviruh Ina t ita tit IN) .''!aaachiet.

L~imaa. l'cra

ABSTRACT An ophlaees noas'.pa ita ae. capt a m a III \Aadoais I'tri, rat payosotada Uo at a a i-

endemic area in thle Pc ratiian Aania?.n reettala. ata'.tat nv hIo'. tla \K2 I I an'. V K217 P a at at A
circaim sporozoite (CS) pro.tei n,,. Approxinatat'ýI. 0J)"4, af, til 1a 40:,I I .allo,'. t itt a' tc. sta 1 1
enzvaaae-1 inked inini trtos'.rlactit assay weraa paisitas( 2,V7( anad 72Th, tat the p'.sitis a aaaaasja'.'-
toes coantainted VK210 andr VK247 CS pa'.t'aoin resp( a tieb. a I I '.sa !aaaintaa tmi-ara'tta'
s trontglyv with a recent repaort '4 lw prea n.'s -aa a' .a a.... 1, a'i .i t i, tit ol0 I-. -
recognize the VK2 10 and VK2247 repeatsý ct atl isandicaatainag thIaat bI th at Ia 1 ax Cat(S paotat, a
polyimorphs are conlanioa in the regioan.

KEY WORDS Antopheles, Plaasyna'dhaaaa spp.. ci(iacaaaptara aitite

THE RECENT DETECTION of' a variant (VK247) Ani Alaophelc.' sector ,taady was" 1)'a1ti a1at that
form of the Plasrnodiurn vivax circuiasporozaoite site in 1990) usiaag the( V2 10) CS proteian ezy anw-
(CS) protein has attracted much attention. Belipre linked inaaaaarelassaiy (FLISA a After the
the first report of phenotypic heterogeneity in dliscoavery of the autibody respaaue ftat th indlie-
Thailand (Rosenberg et ali. 1989), the P. vicax CS enotas popualationa to thc V'K247, repc~at regiona, it
protein was generally considered invariant and was decided to retest thoase Nanme citpoirt-'! cr'.ts
thus an excellent candidate antigen for vaccine qatitoes to determinle tile presenace aaad preksa-
trials. Other reports have presented evidence of lence of" the VK214-7 CS praat-it' 'Vhoasa fiaadiaaazs

anti-VK2-47 human antibody in sera from Brazil are discussed here.
and India (Cochrane et aL. 1990) and Thailand
(Wirtz et al. 1990). The global distribution of the
VK247 CS gene has also been described provid-MaeilanMthd
ing evidence of its presence in South America.,aeil n ehd
West Afirica, and the Indian subcontinent (Kain Mosquito Collections. Andfoas is loacated :350
et al. 1991). Stich information indicates that a kmn WNWV of Iqutitos onl the Pastaza River. oear
singie-epitope vr.ccine based on the VK2-() form the Ecuadaorian border. Several sanall villages toa-
alone will be ineffective (Kain et al. 1991) antI taling -500 indigenous persons haxe (developed
may in fact select for variant forms (Wirtz et al. arouand anl oil exploration ctampl ;(et aa) Iy the
1990). Occidental Petroleaum Corporation of Peru tin

Recently, the prevalence of human antibody to 19713. The typical x'cgetatioaa ýIlrrmllldillg tilae vit-
the VK-247 repeat of the P. vivax CS protein wvas )ages is tropical rain forest. thle meanl aannual tenal-
reported from Andoas. a malaria endemic area in peratiare is -25. 1'C. and the annutal rainfall VV-
northern Perua (Franke et al. 1992). In that study, ceeds 2.50 cmn (Pefi'aherrera del Agatiha 1989).
a significant proportion (60%) of the P. vicax- Access to the Andoas area is limnited to conatract
positive individuals was found to have antibod- air flights and occasioanal river traffic, aaa(l thutas
ies to the P. vuivx VK247 CS protein, represents at uniqaue and relatively tandistuarbed

___________________________________________ stud~y site.
The opinions and 'ass.ertioans c.onta.inaed hereina are the private During the 12-mo study perioad, six 2--wNk visits

ones raf the auathors and tare no~t tat liea conastraue.d a~s official tar were made to thle area Iin April, Junae, Septe.mber,
reflecting the views 'a the US. Naavy, U.S. Aratay D~ep'artment and] December 1990. and Febraaarv antI Mlay
of D~efenase, tar the Occidental Petratleaam Corpoarationaa of teraa, 19 Atalo12llngth an aicle-
Finanocial atapport was provided lay U.S. Naval Medical tRe- 91Atoaof12l-ngthmnaicoec
search anda Develoapament Coarna'.and, Bethaesdala 'NA) (Hesear~cj, tions (144 h) were nmade. Ini adlditiona> 160 h of'
Project Nat. 6i2770A 3M, 162770A1170.AN .521D. haimart bait trapping were conducted 1)0th in-

I Correft adtdre'ss: US. Navv Disease Vectoar Ectaltaan and doo rs and ma tdooarN daaa'ing the peak ;1IoPI

322120043 A'. Stataona, Borx 4:3, Jacksoanville, FI. acetivity period Iin the evening (I It before and

2 Wa~clter Reead Armay Inastituate (at Re-searcha. Washiaagtoaa. DC after sunset). Anophelines were collected f ollow-
20307-51(X). ing standard procedaures using human bait, flash-
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Table 1. Prr.valenve of Plasmiodurn toira VK21O arni NK247 CS5 proteins detecled fv FI-IiiA in A nogiheles. tno,,qui-
toes cotiecn-d in the Andotot Peru area

Gc(rlus- (subgrnn.o) Specie's '4di ~ ~,~~

Are. (iV-psorhyn,Ji,h~uY ln onpt) 4. 354 iP 10 125 f 2h 17l S 2 53 i
An. I( -. * ý triannulatu ~ ~ .2 s I(
,tit .-Xno.) Ynattogro~sselsi., 40 (0.9p 1 ý20) 0
TotalI 4A033 1! 128.2 Z 2h 171 S 25

Iiitluljimz An, inuneztot arj. Ans. asu aldoi, An. rangeli, a! nd -1 t liwir,) hi.

lights, and at hand-held aspirator (World Health I ). UnflortiinatelN. a ,hort time akfter all niosqoli
Organization 1975). toes had been prepared fur ELI SA ttig.we

Captured mosquitoes were stored overnight at learned through co1 lal)(jiftoke work, with theý
room temperature (25'C) in cups wrapped with Walter Reed Biosystemiatics, Laboratory., Wash-
mioist paper towels. The following morning, after ni gton. DC, of' problems in) the titaxlojin of~i
being placed in a small freezer (00C) for several Anopheles mosquitoes iii the Niissorli ruhus
minuites. the anopheline mosquitoes were iden- wroup. Enough doubt linigers with our orlivinal
tified uising several references (Faran 1980, identifications that it wvould not be Iprutldvt to
Faran & Linthicurn 1981, Linthicum 1988). NMos- assumne ativthinrg more than the 101lowi I Igy A)1'
(luitoes were then frozen (-20'C), transported to of the specimiens that coutld he identified wer, ill
our laboratory in Lima, and prepared for ELISA the subgenus )Nyvsorhol/nchs. aluost all of tlko~c
analvsis. were in the Oswaldoi complex 3 Faran I980).3

ELISA Methods. The sporozoite infection rate Species withinl this eomlple.- are particularly oIlif-
was expected to be low (< 1%), based on the 16% ficult to differentiate. and tire standlard tax" oitomie,
P. vicox prevalence in residents of the area refterenee is preseutly, under revision (R. Wilker-
(Franke et al. 1991); thus mosquitoes were tested son, personal comnmunicationi).
in pools. Mosquitoes were divided between the Although it is not possible to report w.ith cer-
mieso- and metathoracic segments and the head tainty the exact proportion (If each speciecs calp-
and anterior thoracic section of five mosquitoes tured wvithin the ()swaldoi complex, specimlells
of the same species, and collection dlates were Qonfirroed IbY the W~alter Reed lBiosysten) 'tius
pooled. Samples were ground in blocking LitI tory included Anophele's nflneztocori
buffer-0.05% Nonidet P-40 and tested in indi- Gabaidon. An. range/i Gabaldon. Cova Ga~rcia &
rect ELISAs (Wirtz et al. 1991), uising miono- Lopez, An. osvualdoi (Peryassit). and Aul. benar-
clonal antibodies NVS no. 3 and 182.1C12 de- roclii Gahaldon. Cova Garcia & Loipei.. "' iinc
veloped against VK210) (Wirtz et al. 1991) specimens (of' the Triannulatus suibgroup Were
and VK-247 (Rosenberg et al. 1989) P. vivax definitively identified as An1. (Nils.) trianonlatu*s
sporozoites, respectively. Negative controls con- (Neiva & Pinto). Definitive idc~ntihicati~on wais
sisted of l aboratory- reared An. pseuclopunctipen- also made onl 40 specimens of Ani. (Any.) mojtto-
nis Theobald, and positive controls of- a recoin- grossensi~s Lutz & Neiva.
binant protein or a synthetic peptide containing Because of the lowv P. vicax prevalence aind CS
VK-210 (Wirtz et al. 1991) or VK2,47 (Rosenberg et protein rates in the region, a positive pool wvas
al. 1989) CS protein nonapeptide repeats, re- assumned to contain only a single CS protein-
spectively, were run on each microtiter plate, positive mosquito. With tl'it assumption inl
The lower limits of sensitivity of the VK-210 and mindl, P. ciuax CS proteins were detected by
VK247 ELISAs were ý25 (Wirtz et al. 1991) and ELISA in 0.9% (39/4,40.3 of the mosquitoes
50 (Wirtz et al. 1992) sporozoites per well, re- tested (Table 1). The VK221( CS protein was de(-
spectively. Absorbance values (414 nm) were re- tected in 0 3% (11/4.403) of the mnosqunitoes.
corded with an ELISA plate reader (MR700, which composed 28% (11/39 ' oF the CS protein-
Dynatech Laboratories, Chantilly, VA) 60 min positive mosquitoes. The VK2,47 P. viiuax CS pro-
after the addition (of substrate. Wells with absor- tein was detected in 0.0% (28/4,403) of the inces-
bance values >3 times the mean of the five neg- (juitoes, which included 7'2% (28/39) of' thre CS
ative controls for VK247 and >2 times the mean protein-positive mosqunitoes. Mlixed VK2)1( and
of five negative controls for VK2 10, run concur- VK247 infections were detected in 5.0% (.2/39) of
reritly in each plate, were selected and retested the CS protein-positive inos(Iniitoes.
for confirmation.

Discussion
Rcsulis The presence of sporozoite CS protein in mos-

In total, 4.403 anophelines were captured and quito samples (does not incriminate a species as is
identified (during the six visits to Andoas (Table malaria vector because, ELISA techniques can-
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inot dlistinguzishi letwetti infectedl aud inlective UNI~ADPA 1old Bl1:10\11 st I ia. l VloI.'I~olni-l IxI Ill
nito5(jlitoes (W~irtz & BlIrklt 1 991). W~hen EI..ISA -iarch alld Tral inO'l-iJ'Pl1 it)i'l,,.,,1 gI_.Ifit '*, iJ

results alone are ulsed to estimate the proportion thliki-l(' ci) to B1. " likIsllto 4dii E L. Ih-% toii -,1-
f' tinfective Anophicel m'tiosquiitoes,.i owiri lve ti- Hi(,AI Bloi\Avl~iatic i'iit. \111,4-1111 suppolt ( .ut. I

mate is common (Beier et al. 1I9o; T. Klin smlisoja littii~imh~lltiiiiil tli tavl~liliill jlul''lt t.,

p~ersonal Co1MImonication). Nearly 99`%7 of" tit(: Escaliillfa adid T. K11,11 for cl-ioin'd a-,tmk 4 uild f(
identified Anoipheles mnosquiitoes catue usingl'ii 01(i 'S i, i I ie
hunian bait nmethods ill this studyl wvere in file
sublgenus \ijyssorhyitciiis a111( 0.9% containied
CS protein. With the uxception of'An. benarrooc/u References Cited
and Art. rnattogros~sentsiý. ill] of' the species cap-
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